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ABSTRACT 


The widespread use ef hamdwheeis in industry for 
the primary eontrel cf a wide variety of maghina tools makes 
the proper design of these wheels «6 matter of importance. 
This experiment, designed to provide baslie useful data in 
Conzeetion with this probles, was performed in the Noticn 
and Time utudy Laboratory at rurdus University. 

Five handwhesis ranging in dlameter from four to 
fourteen inches were used by eight operaters to overcome 
seven frietional torques ranging from three to sixty inoh- 
pounds. The torques were applied by means of a prony brake. 
The rate of oxygen ecensumption by the operators was measured 
by a Sanborn EIS Zetadoliam Tester, and thene meamirements 
were used as the basic data from whieh the conelusions of 
the experiment were formulated. 

Analyais of the data indieated that, within the 
limits of the ranges of the handwheel sizes mad frictional 
torguesa used, the rate of human energy expenditure decreases 
with inereassd diameter of the hendwheels. 

The statistiesi analysis of the data indicated 
that the use of the Uanborn HIS Metabolism Tester is a 
satisfactory methed for measuring human energy expenditure 


at relatively high Levels. 
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THR EFFECT CF DIAMETSAR ON TRE 
EFFORT REQUIRED TO ROTATE 
HAWOWMESLS ULL aa 


INTRODIN TION 

the proper design of any aeehaniecal devices which 
are to be used manually must of necessity include considers~ 
tion of saany physics factors, scme of the more important 
being size, weight, handle typo and relative positioning 
with respect to the operator. The specification of the 
ultimte physieal dimensions wiich the Pinished device will 
have is for the moet part directly related t the use to 
whieh the device will be put. The eriteria for giesessful 
performance are varied, and the extent t wiicn the design 
is considered successful depends on waieh eriterion or 
combination of eriteria the designer feels is the most im- 
pertant te optinise. <A brief list ef some of the more 
important eriteria would include sest, speed a@& operation, 
ease of operation, accuracy of operation, safety of eperation, 
censistency of operation, force deliverei, power deliverad, 
ete. The ease of operation or effort required by the 
operator to rotute handwheels under various conditions of 
torque loading will be the main concern of this thesis. 
Consideration ef the various physical factors involved in 


the design of handwheels will te Limited aolely to congid~ 


eration of the proper diameter. To attempt to consider ali 
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the factors would be outside the scope of one thesis. 

in the past, little consideration has been given 
to the proper dimensioning cd handwheelu in spite of their 
widespread application on most types of mechine tesis. In 
many instances the handwheelsa used heve been much too smell 
to effectively overcome the torques applied aml in many 
eases the wheels have bees unnecesaarily large. Little in- 
formation is avaliable «ss to proper handwheel dismeters 
from the standpoint of energy expenditure on the part of 
the operator. The min reason for this has been the laek 
(until recent years) of ao suiteble methed of measuring the 
amount of energy & pergon expende while performing a given 
task. Measurement cf the work done in foot pounds does 
not give the answer, since much depends upon the manner in 
which the work ia performed, the ecnditions under wileh it 
is performed, and the charadteristies of the operator per- 
forming the work. <A peraon may himself work extremely herd 
and yet aecomplish « relatively small amount of word aa 
measured on the output end. 

The redwtien of the effort required by an opera~ 
ter to perform a given task is of prime concern tz: both 
Lebor and management, sinee such reductions ere reflected 
in lower coste and higher quantity of production. ‘This 
becomes especially important when highly repetitive jobs 


ave considered. A machine tool operator, tending several 
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machines simultangously, manipulates the masthine sontrols 
many times in the eourse of a normal working day. Decreas- 
ing the cperator's energy expenditure is alwoet certain to 
inerease his effectiveness. 

AS bas Deen pointed out previously in this thesia, 
few methoda are available for the absclute measurement of 
human energy expenditure. Uowever, the measurement of body 
metaboliem as a measure of huwnan energy expenditure hag been 
used with suceeas in several previous investigations at 
Turdus University. Tilles established the fact that a 
Standard medical metaboliss tester wlll sudcesefully dis- 
¢risinate between small changes in human energy output’. 
The deanborn ZI Metabolism Tester waa used in tals experi- 
ment to determine differences in energy requirements with 


respect to the diameter of several bandwheels, 


1, TILLES, JSYMOUR, “An Investigation of the suitability 
of the Sanborn BIS Betabcliam Tester to Basic Hotlon 
Study sxperimentation™, Master of Jsolence Thesis, 
Purmiue University, Lafayette, indiana, 1949. 
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EXPRRIMANTAL *ROCEIUAE 
Design of Method ad Apparatus 





The prisery purpese of this experiment is the 
determination of the optimum diameter imndwheel fora given 
torque load a@pplieé te a shaft, when the handwheel is used 
eS 4 Crank. The segondiary purpose ia t determine the 
meximus torque which an operator may reasonably be expected 
to overeome with «a given diameter handwheel, The tertiary 
purpose is to obtain information mout the sanbern keta~- 
bolien Tester woieh may ve of value to other investigators 
in the flela of basic motion study, und to prove its 
reliability fr use in connection with the measurement of 


relatively high level energy aexpenciture. 


Method 
In oréer to facilitate the analysis of the deta, 


as many Gonditions were held constant as was feasible. The 
keight of the work area (1.0., the center of the prony brake 
shaft) was held constant at forty-four inehes from the fleer. 
The plane of the handwheels was held constant at 0 degrees 
angie of inelination with the vertical. The asblent tempera- 
ture was held constant at twenty-eicht degrees Centigrade and 
the pace at wileh the operatar worked was Gontreiied as 
closely as possible te forty Mim. 

Five heandwheels at seven torque loads vere 
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investigated so that each operator Imd «4 total of tairty~-five 
tasks to perform, Doubtlesa t.o regulte @ the experiment 
would have been cf more wilue had it been possidle to inves- 
tigate a greater number of handwheels md a wider range of 
torques. Further, lt was M1t that the use of « larger 
number of subjects would have imreaged tha reliability of 
the findings. However, both the number of operators and 
the number of conditions Investigated were severely linitead 
by the time required for gathering and processing the data, 
There was no method avallable for determining the 
length of tics that would de required for the chysiologicai 
recovery for gach operator from a test run. However, a pilot 
test rum indic ated thet undue fatigue would not oecur within 
the two hour time allotted far aaah sroup of test runs, fur- 
ther, it was felt that since the experiment was designed as 
mush ag possible to coincide with conditions in industry 
where an operator works for much longer periods of time, any 
fatigue occurring would net have exsessively adverse effecta 
on the results. Gehl found that an operator performing «4 
simple task gould be expected to work for approximately one 
hour before appreciable fatigue oceurred”, The total working 
time for en operator during eaeh two hour sesalca was approz~ 
imately thirty-six minutes. 
&. BEML, TON, "Determination of tue Affeat of  erfcrming @ 
Simple fear Over a yrolonged yeriod os the Hete of ra) 


Expenditure”, Master cf delense Thesis, ardue Univeral 
Lafayette, indiana. | 
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The effeets of learning and operator skill were 
minimize@ as mach es possible by completely randomizing 
the order in whieh eases operator was presented with the 
different ecmlitions of handwheeis and torques. This had 
the desirable effect of elimineting any sequence effetis 
whish might ereep in if a set pattern were developed. The 
following tables indicate the order in which the tasks 


were presented to each operstor. 


ROTE: In the tables which follow, each task is 
designated by tro numbers seperated by a 
desh. The first number indicates the hand- 
wheel diameter in inches. The second number 
indiestes the applied torque in ineh-pounds. 
Thus, for example, the number 5-4) indicates 
the S-ineh hendwheel with 40 inch-pounds of 


applied torque. 
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Table 1 
Operator Characteristics 


Operator Age heteht yesizght Nationality 
William Terbo 2E 6's" L8&6 American 
Hans Coater 28 5'g=3 /4" 176 Duteh 
Joseph Sestory 23 $1081 /2" 165 American 
herbert Fiohman 31 S'21-1/4" 185 Amerioan 
John Crosse 26 §* 0" 165 British 
Wino Lindquist 39 5*10” 17S jAmariean 
Marvin Adelberg a3 6'3” 195 American 


akon Kefgus 24 6*2" L190 Sorwegien 
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Table 2 


sequence of Task i: resentation to Cperaters 


{iKumbera within the table are tasks) 


Gperator: 


18 


10-60 
9-3 
740 
5-10 

14-20 
5-50 

14-60 
4-10 
§=30 
4-3 
4~20 
5-20 


Operator: 


15 


9-50 
4-20 
14-10 
740 
760 
LO«S 
7-RO 
730 
£930 
4-50 





1? 


4-30 
14-20 
14-60 

530 

5-60 
14-40 
10-10 
10-50 

5-20 
14-50 

4~40) 

4-50 

5=3 


1? 
Mate 


FmhO 
7-10 
5-50 
4-10 
L4-40 
BeGO 
L0<-50 
PaO 
14-29 
4-60 
14-36 
745 


BO 
Hats 


L&GO 
oe 


4-40 
14-10 
L4e5 

4-50 

4~90 
14-60 
LO40 

5~40 

7-3 

O20 


PICTIMAN 


24 


7-20 

450 
10-3 
1060 


10-20 
4-30 
10-10 
LO-30 
ue30 
4-20 


3 ) é 
AbEe ADE. Apr: 
4-30 10-10 


Shalt 
4-40 


4-10 
O&O 


L450 10~40 
G-BO 14-S0 


L0+50 
G80 
14-40 


73 
O-1G 
7aL0 


G-50 14-3 
14-60 10-60 
14-20 LOmiO 


40359 


7=50 


$~60 
hod 
10-30 
7-20 
730 
LO=3 
760 
F=GO 
14-10 
4-20 
bo Tat 8 





veguence of Tasx i resentation to vperatora 


Table 2 (Continued) 


(Numbers within the table are tanks) 


Uperator: 


Date: i 
ADP. 


4-3 
14-60 
4-69 
14-50 
5-10 
14-40 
3-50 
7~40 
4200 
1050 
har) 
14-E0 


Operator: 


Date: o 


HOPE 


GROSAE 


2 
APEs 


4-10 
7=50 
430 
4-50 
14-10 
540) 
10-10 
L0<20 
10-40 
G~ no 
Y a 


10 


than) 
S40 
L4-65 
7~SO 
4-30 
14-5 
L4€-10 


5-3 
L4—BO 
1549 

7040 


“ 


4-20 
10-60 
LG<30 

5-50 

7-30 

4-40 
LO-3S 

7-30 
L4G 

7~2Z0 
14-50 

7-10 


Li 
ADEs 


14-359 
4~60 
Le-20 
10-50 
5~80 
9-50 
14-40 
4-10 
5<50 
710 
750 
7-30 


LISD GULLT 


7 
ABEe 


10-10 
7-35 
5-40 

16-40 

14-60 
7-90 
4-5 

14-3 
S26 
440 
53 

14-359 


£9 


L4-S 
10—30 
16-3 
7-30 
930 
7-BO 
F~GO 
7-iG 
10-60 
4020 
4-40 
14-56 


s) 9 
ALL. ApF 
7-40 $-20 

14-50 5-30 
4-690 10-59 
i420 10-10 
G3) =e 3 
19-50 10-20 
S-80 4-10 
14-40 10-80 
4-10 10-3 
UeGO 450 
FoLG FBO 

7-50 
ADELE BiG 
¢ LO 
P ADI ADTs 
o~-EOG 43 
4-30 4-60 
7-590 14-60 
2@00 14-50 
L020 2-10 
41 Laé-40 
44-10 3600 
D= 49 7~4O 
10-45 10-50 
Yat) 4-50 
19-10 8 S-S 
L4-20 
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Task 

The tasks used eccnsisted of cranking = handwheel 
mounted on the shaft of a prony brakes. The speed used for 
eli tasks was 40 KYM. The operator cranked from the standing 
position at a gcmfortable distance from the apparatus as 
shown in Figure 2. ‘The distance from the apparatua at which 
the operator stood was left to the discretion of the operator. 
The operator eranked with Sis right hend and steadied himself 
by holding onts the left vertical upright of the prony brake 
with his left hand, Upon receipt of a verbal signel the 
operator began cranking and ocntinued for three minutes, 
making one revolution for each tw beats of a metronome set 
to oseclilate at 30 beats per minute. The operator stopped 
cranking upon a second verbal signal. ‘non completion of the 
task, the operator rested in a cir for five azinutes walle 
the handwheel and the torque were sein changed for the next 
test rune 

Zach operator was given « total of thirty-five tasks, 
performed over a period cf thres separate days. These tasks 
covered every possible combination of handwheels and torques. 
Thorson found that there are no significant differences in 
oxygen consumption rates vetween identienl tasks performed con 


different days’. From this it may be logically censluded that 


3. Thorgon, ?. J, "A Metabolic Investigation of One-anded 
Yeraus iwo-lianded Work", Master of celenee Thesis, :urdue 
University, lafayette, indiana, August, 1951. 
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the differences between unlike tasks performed on different 
Gays should be oonustant. This constitutes the justification 


for spreading the tases cover three separate days. 


Test irosedure 
The tests were run in the meteboliec room of the 


Motion and Time Jtudy Laboratory at <urdue University. it 
was possible to bar this room from all persona with the 
exception of the operater and the writer, Thia was done in 
order to reduce the effeet of random outside influences on 
the operator, 

savior to the firat teat run, each operator was 
eompletely briefed on the purpose of the experiment, the 
function of the prony brake, the function of the metaboliom 
tester and the function of the metronome. Every preeauticn 
was taken to alleviate the nervousness induced by the mete~ 
boligaa tester. Following the briefing, tre operator was 
Siven a trial test run in order to ingure the complete under~- 
standing of the test procedure. 411 tests on all operators 
wera governed by the following basic time schedule whith was 


begun upon the arrival of the operator for the experiment. 


ELapsed 
2b 6p Time hie Action 


1 0-15 15 min, Operator rested cn cot. Just priar 
to the end of 15 minute period, the 
operator tock a standing position 
facing the test ayparetus. The nese 
Glamp was adjusted and the rubber 
hoae mouth plece vas inserted in the 
operator's mouth. 
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21~£5 


big Dad a 


E6<E7 


29-34 


llapsed 
Tine 


2 min, 


4 min, 


4 min. 


lL min. 


1 min. 


B min. 


5 min. 


Action 


The operator steod quietly breathing 
ambient alr through te metabollam 
tester. 


The oxygen was turned on without the 
operator's knowledges ami tie operator 
began te breathe pure oxygen. This 
estes constituted tle basal or neo work 
run. At the eonGlusion of this run, 
the operater was di sassenoled from 
the metabolic eguipmant and seated in 
a ehair. 


Gperater rested quietly in chair, dust 
prior to tie end of tie 4 minute rest 
period, the operator again tock his 
position in front of the wrk area and 
Was assembled to the meatabolie equip- 
ment a8 in atep 1 above. 


Operator stood quietly breathing am- 
bient alr through the metabolator, 


Operator began cranking the hand- 
wneel ian time with the metronome while 
breathing aabient alr through the 
netebolator, This eonstituted the 
warm-up period. 


Ritheut the knowledze aw tne operator, 
the oxygen was turned on and the op 
erater began breathing pure oxygen 
while ¢ontinuing to crank in tine with 
the metronome, At the conclusion ef 
the two minute work period, the equip- 
ment was turned eff and the oparater 
Gigassembled from the apparatus and 
seated in the ehair to rest. 


The operator rested in ehair for five 
minutes while tie handwheel md tor- 
que were belm changed. 





Se ae her when wey 





Steps 5 through S above, constituted a complete 
work-rest cyele cf 9 minutes, of which 5 minutes were spent 
working saad & minutes were spent resting. This work-rest 
eyole was repeated 1é times fr ¢aah session in the lab. 
Following the completion of the final wrk-rest cyole, a 
second at rest basal test was run. Lach complete session 
teok about two hours and twenty minutes te complete and re~- 
sulted in two Basal tests and twelve working teats, 

The selection of one minute for a warm-up pericd 
was based on tie researe! of Behl, who stowed that for a 
simple task, energy expenditure rises rapidly during the 
first minutes of performance md dees not change si gnifi- 
cantly for the next 64 nieutes", 





1. The danborn EIS Wetabolisn Tester, shown in Figure 
3, hed the following essentisl eciements: 
a. <A synehroneus motor waiech rotated the metal eylin~ 
der upon whieh the wax data ohart was mounted. 
b. A spirometer bell which contained pure oxygen to 
be gonsumed by the operator. 
@. A metal pointer whieh inseribed te movement of 


the spirometer bell upon the wax ehart. 





Gfhi.., TQiIN, “Determination of the Uffeot @ ferferming a 
imple Tass Gver a Yrolonged reriod on the Rate of Energy 
Expenditure", Mester of Seienes Thesis, lurdue University, 
lafayette, indiana, 1950. 
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& two-way valve, whose function was the selection 
of either pure oxygen or amblent air for the oper- 
ator’s consumption. 

A metabolime e¢ontainer, located inside the enir- 
ometer boll housing, hed the funeticon of filtering 
out the waste products of respiration, namely 
earbon dioxide md water vapor. 

Nose ¢lamp and rubber mouth pleee whose function 
was the elimination of tlhe possibility of ambient. 
air entering the closed system formed dy the 


operator and the nmetavolisan it ester. 


The required frictional torgues vers obtainsd by 


meang of prony brake especially designed fer this experiment, 


and eonteining the following essential features: (Jee Figure 4) 


Ae 


De 


de 


A wooden frame constructed of =" x 4" planks, 47 
inohes bigh by £0 inehes wide, 
A Jeare md Roebuck Co. "“Craftensn” 5/4 ineh steel 


shaft and bearing mounts. 
A maple wood wheel 3 inches thiek with a radius 


of &.878 inches. Tunis wheel was mounted upon the 
steel shaft by means of two figngcs containing 
1/4 ineh set serewa. 

Two Chantillon spring balances cf 100 pound capa 


city, wiose function was the rapid indie ation of 


tie required frictional torque. 
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6. Two aluminum turnbuckles wiose funetion waa the 
rapid adjustment of the required frictional 
torgue, 

f. One nylen belt, 1-5/4 inehes wide by 24 inches 
long, whieh, in eoniunetion with the polished 
wooden vheel, formed the friction elenent of the 
prony brake. A Gelibration eurve for the prony 
brake appears in Appendix A. 

5. The five east iron hbandwheels which were Lavestigated 
(See Figure 5) were standard industrial Handwheels, and had 
the following charseteristics: 


Junmser Diameter Weight 
1 4 inches 1.50 pounds 
hed 5 inehes 2.00 pounds 
3 7 inches 4,70 pounds 
4 190 inches 190.00 peunds 
4) 14 inches £1.50 pounds 


4, Cne etronome De Naezel performed the funetion of 


pace indieetion for the operator (See Fireure 4). 
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RESULTS AND CURCL'IG10Mw 





The basic data upon whieh the ¢Gonelusions of this 
experiment were formulated were derived from the wax charts 
of the metabolien tester. the wax charts were wrapped sround 
the metal eylinder which was dvivend constant speed by the 
synchronous moter. The abseiassa of the charts were the 
measure of elapsed time, Ag the operator inhaled, pure oxy- 
@en was breathed in from the spirometer bell osusing the 
spirometer bell to fall. As the operator exhaled, the 
spirometer bell rose. This alternate rising and falling of 
the bell produeed the peaked Line on the wax chart. As esch 
exhalation of the operator passed into ths spirometer dell, 
the preducts of respiration were filtered out by the meta- 
bolime. Thus the spirometer bell rose to successively lower 
positions following each exhalation. This was imlieated on 
the wax chart by suecessively lower peaks md was a measure 
of the rate at whieh the oxygen was wing removed from tie 
splrometer bell, snd consequently a measure of ths rate of 
Oxygen consumption cr energy expenditure by the operator, 

Had the operator consumed oxygen at an absoiutely 
constant rate, a straight lines sould have been passed througn 
the suecesaive peaks of the saw toothed graph on the chart. 
The slope of this line would measure the rete of oxygen 


consumption in euble centimeters p@w minute. Jowever, due te 
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the differenee in volume of the operator's successive breaths, ; 
the respiratery cyele was not constant and the peaks did not 
fall inte a straight line. It was therefore necessary to make 
the best possible approximation to a straight line by the 
method of least squares, A gample ¢caloulation of this method 
is shown in Aprendix 4, along with the steps s@eesaary to 
convert the slope walue to cubic centimeters of oxygen per 
minute. For the purpose of this thesis, it was nob neeessary 
to calculates the actual oxyzen volumes consumption sinee analy- 
sis of the slopes directly gave the required conparative 
information. In this connection, soed has shown that ecrree- 
tions for temperature and pressum would be too small to have 
appreslable effect on the results, and therefore these 
corrections were not made’. The raw data fer tais thesis 

are deposited in the Motion and Time Laboratory at 7; urdue 


University. 


5S. OOD, 7. F., "The Determination by Means of Netabolis 
Measurements of the Tims allowances to be Included 
Kithin Jteandard kates for Jobs arti ally Controlled 
vy Machines", Master of SYolense Thesis, curdue Uni- 
versity, Lafayette, Indiana, 1951. 
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Yable Sa. 
SLOPE VaLUBS FOR £ach MAS DOWER. 
DIAMETER 


Torque = 3 inch pounds 











Operator's 
| 4 ineh 5 ineh 7 ineh 10 ineh 14 ineh 

TERBO 416 0458 0471 « 455 » 505 
CO ITER 0 253 e418 0337 0£39 2316 
RLSTORY 0dI4 0030 0337 0332 0536 
FLGAMAN 0495 2991 000 0435 0455 
ORS Gok 0457 0460: 0451 0 390 0362 
LIND gglut 0958 0 452 a ia 546 0 407 
ADSLBERG 0479 0 449 0 445 0645 0615 
AGE SUM 6G 2549 05 2575 2555 

MEAN e405 0 456 6415 o 459 0 44k: 
95% Conf. 
Limit of 
Meas 7-083 £2053 pe04? fold? ££. 086 
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Table SD. 
SUOLE VsLURSG FOR B40 SANDEE 
UL AMET ER 


Torgue 2 10 ineh pounds 


Operator's 
Lane 4 ineh 2 ineh 7 ineh 10 ineh 14 inch 
TEABO 0647 2 536 0807 0 499 oath) 
GOSTER o 464 0550 2 867 0495 2401 
BAIT O LY 0 300 0 452 o 405 i 0 KO4 05 96 
Fi Gea «S03 0499 006 0819 075 
Cui Oue 2675 0506 0455 0 V5 2440 
LIADQUICT o 744 513 2634 0527 0477 
ADELBAARG 0816 «657 6 495 0475 e620 
Ru SUM 2748 = 8 98 S22 2897 581 
MEAN 0675 0361 0962 e551 0 484 
95), Conf. 
Limits of 
bean feild 2-069 £2076 £o1i? £0079 
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Table Se. 
SLO2E YALULS Bom £40 BRANDRUREL 
DIAMETER 
Torgue = 20 inek pounds 


Operator's 
| 4 ineh ott oh 7 ine h 2.0 _ineh 14 inch 

TARBO o 781 2595 e818 0524 »611 
CO. TER 1.099 o6Z0 » 737 2 640 309 
NEGT ORY e305 1.011 2535 062883 0445 
FICKMAN 0 G77 e 40 0 555 0 42.9 e635 
CROSSE 0770 0 S45 » GO6 0957 2907 
LINDQUIST O18 2856 0596 0 O48 0606 
ADELBERG 2992 804 0849 731 591 
EF SOW 25186 =9§ 998g GAT 2783 2788 

KEAN 1,055 889 57% 2629 2 SSE 
956 Conf. 
Limit of 
Mean £2370 £2105 po l0S ~.002 £079 
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Yable 3d, 
@LOPE VaLUis FOR Zac LARDWAREKL, 
DIAMETER 


Torque s 30 ineh pounds 








Cparator's 
Kan @ 5 izeh ? ineh 10 Inch 14 ingh 
TERBO we 1,246 1.012 1.0406 0671 
OG STAY <a 1.491 LelG4 0730 0483 
REGTCRY cmmesttaste 0971 o 68 2366 0 437 
FICHMAN ame + 948 o 535 06285 0728 
GROSSE 1.467 0977 e 958 0357 656 
LINDQUIs?T iene £4365 $43 2632 2726 
ADLLBLNG 1.4370 2879 1.039 7 Se 704 
REF SUM 2820 1eA72 _.920 1876 2878 
MEAN 1.552 1.269 o FOL o 730 o712 
$55 Gonf. 
Limit of 
ean --=— £e123 £2184 £.140 foicd 
MOTE: Slanks in the table indieate tasks wideh the operators 


were physically unable to perform in a satiscfactory 
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Tabie Se. 
SECT # VeLUBG FOS £.0h HANDWMEEL 


DIAMETER 
Torgue = 40 ineh pounds 








Operator's 
ane 3 inch 7 2neh 30 ineh 14 insh 
TERBO mee 1,540 BE 6 0 733 » 730 
COSTER cneoened 1.372 1.354 L088 eGL7 
HESTO RY — 1.078 2753 778 , 898 
FICHMAN me ate 1,454 0 7 43 768 e611 
CROSGS a sen 1.406 1.6907 2883S 0555 
LINDQUIST — 1,020 1.050 2829 G25 
\DELBERG ~--- 1,035 924 »855 2643 
a = Ss mm 2904 2992 
MEAN oeeieatael Lewis L- 900 e357 o 7 4&5 
95% Conf. 
Limits of 
Mean ene £825 £o28R £2090 fol? 
MOTE: Shanks in the table indicate tasks wiieh the operators 


were ohysically umable to perform in a satisfactory 


Mann? s 





Gperator’s 


TERBO 
GO SP HA 
NUT ORY 
FICUMAN 
CROSGE 





LINDQUIST 
AVELS ENG 
RSF SGN 
MEAN 
95% Conf, 


Limit on 
ean 


HOVE: 


Table Sf. 


DIAMETER 


aLOIR VALUES FOR BACK HANDEL EEL 


Torque =x 50 ineh pounds 


4 inch 
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eb Os ap 


ee ate Ho em 


eet a SORE wale 


RE meaereT 


S ineh 


ep. iat a ee 
St tp ten am 
OO he eH OH 
A am Ie ae 
We) ate ee 888 
Se 20 ee a 
TP GS CD Tee 
a a i 


2b rR eR 


i ae a ae 


7 _ineh 10 ineh 
2 929 0754 
1,545 1.017 
2890 0718 
0920 0874 
1.304 «750 
1.065 1,043 
1,038 «850 
1,494 22059 
1.156 0877 
£o215 Zell? 


23 


i4 inch 


797 
807 
632 
728 
.736 
748 
832 
884 


Re ee oe 


e771 


£084 


BDlernks in the table indicste taske whieh the operators 


were physleally unabdle to perform in a satisfacts ry 
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Table Of, e 
BLOVE VALUES FOR Es0il MANDREL 
DIAMETER 


Torque a» 80 ineh pounde 


Operater's 

va 4ineh Sinch 7 inch 0 inch 14 inch 
TERBO oe an 2.101 6971 e800 
COSTER meron oe owe 1.589 1,046 0377 
NESTORY am owiaw sav en 1.145 e353 0859 
FICHMAN ---~ a 1.211 0914 o750 
GLO SSE o> oan aahetes 1.415 2668 S97 
LI NS QUILT eae wm 1.093 806 2305 
ADLLB AWG a a » 998 eGa4 e807 
SUP OUR }—- —- AeSEL Leiba £2094 

MEAN on on oe. 1.541 2 8OR »837 
ius or” 
Mean ~wan ~+—- £- 286 fo122 fel04 
NOTH; Glanks in the table indicate tasxs whieh the operators 


were physically unable to perform in a gatiafactory 
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OFGues 
3 in.sibs. 
inwlbds, 


SO in, lbs. 


= 


SO in.los. 
40 inelbds. 
SO in.lbds. 
60 in.lba. 


OTR: 


eperators were physically unshle te perform in e 


Table 4. 
MRA SLOPE VALUES FOR ALL 
TAGKS 


HANDRIEBRL DIAMETERS 


4 ineh © ingh 7 inch 


6 420 
0675 
1,053 


Ab tiem ae 


0G 
0961 
«869 
1.259 
1.6316 


ae te en 


6 415 
0 D6Z 
0673 
e301 
1.600 
1.1564 
1.341 


10 ineh 


0459 
e351 
0GL9 
» 750 
«857 
oS?77 
0 802 


aS 


24 ineh 


a 445 


*Haeh value in Table 4 ie arrived at 
by taking the arithmetic sverage of 
the correaponding values for eight 
operators. 


Satisfastory manner. 
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fegults 

The data obtained for this experiment indicates that, 
With the exeeption ef extremely smill taque loads, the amount 
of energy expended cranking a ha ndwheel decreases as the hané~ 
wheel diameter is inereased. lowever, the graphs of the date 
show a definite flattening out of the torque curves at the 
larger Gliameters, This would indicate that, far the torques 
investigated, the optimum dlameter ia apsroximately ten inehes. 
Dr, Mindel and other investigators have indisated thet the 
amount of energy expended by an operator depends to a large 
extent upon the museld groups brought into use, tle larger 
groun requiring higher expendi ture’. Thig phenomenen appears 
to be operative in this experiment. it would seem that the 
redueed energy expenditure resulting from the iro reasing 
mechanioal advantase of the larger wheels (requiring reduced 
foree application) gradually becomes balanced (and finally 
overcomes) by the higher erergy expenditure required by the 
use of the larger musole groups ¢f the upper arms, shoulder 
end torgso, The gradual rise of the lowest torque curve added 
weight to this supposition. 

The curves further inlicate that handwheels smaller 


than 7 inehes in diameter ghould not be used to overcone 


' rpm A e, o. 184, ? Pex ts Me} eae Org, 1950. 
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torques in exeess of 20 inch pounds (for eontinuous or bAlgh 
rrequency repetitive operation), since ts do so Pesulta in 

@ high levi of fatigue upon the operator. This wae dranat- 
ically demenstrated by the inability of the operators to 
Complete the test runa, using the semller wheels, when torques 
in ¢xeess of 26 ineh pounds wore imposed, It was noted that, 
for tae torgue range Getweer 36 and 60 inch pounds, the rate 
ef decrease of enarsgy expenditure witu increased wheel size 
becomes Very suail. These break pelnts wiieh cecur at the 
10 insh wheel indicate that little isa geined by Line reaging 
the wheel size auch above this point. 

The enalysis of variance of the deta showed sig- 
nifichace at the 1 level for both wheels, torques, and 
Wasels Xt torques, indicating that there was eymalil probability 
that differenses in the data gould have ceceurred by chence, 
The interactions cf wheels X operators and torques f opera~ 
tors Aad mo statistioal aignifioance at the 5% level. This 
indieates that these causative effecta were negligible and 
in fact did not cause significant differences in the slope 
Values. lowever, the F test showed that the differences 
between operators was of algsifiesnce at the 1» level of 
eonfidenee, Thie wae to be expected and could have been 
e@ugeC by Amy or all of several factors, som of the more 
probable being size, strength, rete of breuthing, meatal 
attitude and geueral condition of health of the operators. 
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No attempt was mede tc control the behavior of the 
subjects for the twenty-four hour period preceding the test, 
There is Little reason to doubt that the activities of the 
aubjects for the perlicd nreceding the tests had some effect 
on the data. Fortunately, this effect did not appear to be 
excessive and it is felt that it did little to impair the 
validity of the data. 

The analysis of variance technique was used to 
@Valuate the significance of the data’ e tne anbealyegis was 
eomplieated by the fact that there were sreag of missing 
data. it was found thet the operators were physically in- 
Gapable of cranking the 4 inoh diameter hundwheel for the 
required tine interval, and at the required pace for torque 
Leadings in exesas of 20 inch pounds, A aimilar restriction 
was imposed on the use of the 3 inoh diameter handwheel for 
torques in exeess of 40 inch pounds, These sreas of missing 
Gata precluded an analysis of the data as a whole, To solve 
tiis problem, the date was divided inte two separate groupes 
Ond an analysia of variance was eonducted on e905 graut. 
Group I data ecmprised cil the slope values for teraues 3, 
19 ana 80 inch pounds using all eight operators md ell five 
hendwheeis. Group Ii date comprised the slope values for all 


seven torques, wing all eight operators ani bandwhesls of 


Fe LINDQUIGT, Be Fe ph aitaki one Analysis i: sugatsouss 
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tare. brie aze, Atlanta, Dallas, San Franeiseo, 1940. 
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Giameters 7, 106 and 14 inehes respectively, The complate 
anelysis of varienes is indiested in appendix a. The slope 
values are indleated in Tables 3a through Je. 

The 93% confidence limits far the means of the 
Gight operatora on gach task were calculated using ctudent's t. 
These ¢eenfidenes limits are indieated in Tables 3a through Sn. 





It may be eoneluded from tuis experiment that, to 
overcome torques in the range investigated, ami with operator 
energy expenditure as tie criterion, the larger diameter 
hendwheels are more desirable, 

For the torque ranges between 36 and 0 ineh rounds 
the ontimawun diameter is at least ten im hes. 

For torques in exeess of £2 ineh pounds, hanc- 
wheels of smaller diameter than seven inekes are unsuitable. 

It may be further concluded that the Janbory O13 
Metaboliss Tester is a suitable device for making maeasure- 
ments of human enercy expenditure at reletively high levels 


of performance. 
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the oviginal intention had beer to use the basal 

tests Gs a gYound level from which to Galsulate the per cent 
busrease of oxyren consumption of sach test run over the so 
work condition. This idea was disearded after inspection 
of the besai teste indiented that Little relianee could be 
placed on their reliability. The basals not only varied 
widely between operators but there was evidence of large 
random variation within each operator. In addition, 1% was 
noted that in several instanees the values for the basal 
tests Were hi gher than some of the lower level tasks. This 
was 6specially true of several of the low torgue runs on 
the amaller handwheels. There are two possible explanations 
for this phenomenon, First, Tillesa has shown that the 
‘anborn Netabolator gives results of low signifieanse for 
Light tasks involving Tinger movements of two or threes 
inems © Jwecond, there is a definite possibility that an 
operator finds it mae fatiguing to stand motionless for 
several minutes than to perform a very light task. To 
avoid intralueing an additional pogaible scuree of error 
inte the data, the basal teste were not used in the eai- 
Guletions. A sample wex chart and deta sheet are inciuded 
at the end of this appendix as m example of the calcula- 
tions used for computing rate of oxyzen casumption slopes. 
8. TILLES, SEYMOUR, "An Investigation of the Suitability of 

the Sanborn BIG Netabolisa Teater te Sasic Motion udy 


Experimentation", Aaster of Setenece Thesis, Curdus Uni-~ 
versity, Lafayette, Indiana, 1949, 
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A rveetangular coordinate system was imposed upon the wax 
Charts and the ZX and ¥ eeordinates of each peak of the 
saw tooth «raph recorded. The slope of the best straight 
line which gould be approximated was obtained from the 
foliowing forma: 





where b «= slope of line on wax chert in inehes per ineh 
Nz the number of peaks of the saw toothed graph 
x, ¥ = revtanguiar coordinates of the peaks of the saw 
toothed graph. 

On the wax charts a line with a slope of 1.000 
represents 554.5 ¢cubio centimeters of oxygen per minute. 
Therefore, tha volume of oxygen oonsumed per minute for a 
given task ig readily caleuleted by multiplying the 
appropriate slepe by 554.5. 


Subic Om. per minute a» b x 354.5 
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Caisulation 


Analysis ef Yarianee 
GROUP IT ABALYS@IG: This group comprises all the slope values 
far torques cf 5, 10 and £0 ineh pounds, using eleht epexa- 


tora and five handwheels, 














Table Sa. 
xe =f Ff 2a Aan 
TESBO: T3% in. ibs + 0419 1.455 1.871 4.435 2565 
Vald r » 647 * 655 * 607 * 499 * Rare 
Tato * * o75L 4895 .812 624 e611 
COSTRR: TsS in,lbs. .266 .416 .337 259 .318 
Tx10 * * 454 «550 * 687 7 495 e401 
Tako" “= 41,0900 .620 6787 «6460 +009 
BESTORY: Tad in. ibe. e004 2000 2237 2598 oooo 
twLG - e FOO Py Ssh e “Se i Pes tess 2 S96 
Teao °C” agi 1.011 851 636 2 445 
PICHMAN: Tad ine Los. 405 endl 0 40G 2495 P36) 
PelS nd - € oO * 439 ° GOS 2lG a 578 
Teco * * 2977 4940 6555 4429 2635 
CROGSE: Td ime lbs. 2437 «462 4451 2390 S62 
T#2D ¥ ad e873 o 806 2456 2d43 2 446 
Taso * * 0770 48248 .006 ,507 S07 
LANDQULIT TeS inalbs. 359 .462 #2 .346 24)? 
T2#10 a ? «744 SLD 2054 ewe? 0477 
=e” 6 Co 0316 2.856 .596 546 2806 
SDELEURG; TeS inesloe,. 2479 2449 1.445 16465 2516 
Tei ” = e818 * 657 « 496 «475 ent 
Tmo" C* e990 .804 .849 .731 eO8L 
REP OU: T2d imelbe. .606 .849 485 .87% 0335 
=” * e743 «8,692 .622 4697 2551 
e80 * © £€.186 .998 .647 .76i 0 (Sa 
TOVTALG ew 17,176 14.986 15.226 12,952 12.084 


GT(Z) «= 70.3844 « T GT (X" ) 267 511624 EF vio 
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Table Sb. 
HANDWH EELS 
a 3. — 26" ia” To 
1,847 12889 1.290 1,563 Le 449 8-683 
1,751 1,<228 7eGL2 
16657 1.180 86=—_- 7,344 
be bOD 1.2663 S. 230 
12910 1,009 G.L47 
1.919 Le DO 283 
2 287 1.S8L7 9.661 
RAP OUR op O40 , O32 12868 11.454 
Tw = 17.176 L&e 226 13.226 12.9582 18.064 704344- T 
MOTE: Baek e@ali in Table Sb is T.... Value for each is 





arrived at by suming torque values for each 
wheel-operater Gombination in Table Sa, 





EXAMPLE: 1.047 = 2.419 4 .617 4 .781 
Table Se, 
TORQUES 
3_dnelbs. L0 inlbs, = 20 in.lbds. ‘ 
2. 288 2.672 3.723 3,683 
4.860 24557 32655 7.812 
Le 728 2 lod 50 4Gl1 7 Gh 
2 el 44 34508 Oe DS & 6 940 
Re 24697 Soule 8,147 
Le B68 2, 893 3.402 {ie B63 
2830 3 G66 3,963 9,662 
8.750 ie B40 28S 
T, 2 17,239 22.663 GO . 442 70.3440 7 
NOTE: Each eel) in Table Se is Tene Value for eseh is 


arrived at by swaning Theel values Tor each 
jorque-operater combination in Table 5a, 


BXAWTIA: 2.288 -¢ .419 4 450 f .471 f 2455 ¢ 508 
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Table &d. 
TOR UES 
dwhe Sipedos, 20 in-dbs. 20 ins) dss Ty 
4a" 3.35? 32597 8.422 17.176 
5" 39459 4.435 6.952 14.926 
7" 3 546 4.499 5,081 15.226 
16" Je GLS 4.409 5.025 12.952 
14“ Oe Cue 50875 4.659 Lt 4064 
2, i 17.259 £24663 SO.44k 70,544 
Table Se. 
item Jource 
of Variation 42. 33 Square Jource Fo, Fos 
A Wheels 1-5 4 -681927 .170482 A/B 9,10 28.71 
B Vorques j-35 2 8.202099 1.101049 B/F 635.14 3.74 
G Operators ts 
D Wheels x 
Terques 6 eO9L7LO0 .046975 D/G 1.968 Zell 
BR Wheels = 
Operators 283 0524594 2018973 K/G «76 1.7? 
F Torgues x 
Operators 14 290083 .020719 F/G 284 2.23 
G Error 
(WxTx0 } 58 1.409402 .025165 - 
E Total 119 GeS75971 052759 
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(iH) Total 58 = y,¢-o%wto - 3 

= 47,.511624 - - 
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z 00108? 
(C) Operator 6 ts ~ ois 
ie ~ 41,235653 
z «f76106 





{%) Wheels = 
Uperators oS «# whiny -“yo - heels So - Operatora 55 

os Taree L927 « 776106 

= pivmay 

Sub Total Wag, « ae - 
os ety 

Seonatbicd - 41.235655 

3260263 


* - ay 





Hi 


iy 


_ 4}. * BS 8653 





(F} Torgue x Operators Sa,¢ Sub Total us - Torque a3 - 
Gperater 33 : 
2 S.260268 ~ £,208009 ~ .776106 


= e=30063 
Jub Total Soe ~ ten > Fe 
= meds 674 ~ 41,£55655 


«+ 3.278006 





(D) Torque x Wheel 25 2 my ~— 53, ~ Torque SS 


1 3S 
= 3. 295306 ~ 2.202099 - .621987 
2 2891789 


(G) Srror 35 = Total us - (Was 4 Too / oa ¢ W zTsu) 
(/¢ Wx O85 ¢ T x 985 } 


2 6275971 - (.651927 ¢ S.202009 ¢ 776106 ) 
(f .391780 ¢ .524504 ¢ .290065) 


1.409402 
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GROUF IT AMALYSIS: 


Tabie Ga. 

OPERATORS* 
ea. sae ae” 2 ty -& . SB. 
wt?" 3 0471 evo? edo? 0 4900 e451 2422 0445 0455 
H 10 .607 667 452 .606 .435 .634 .496 .622 
3 BO 261e 0757 e556 2005 2606 2 396 543 o 647 
z $O 1.012 1,144 2692 2 O55 e 938 03945 «1,057 o3L0 
L 40 «555 1,564 7535 0748 = #416007 1.650 924 1.1288 
8 $0 0989 1,545 2890 e920 1.5304 1.665 1.035 1.484 
60 2.101 14289 1,145 1,21] 1.413 1,993 .992 1.201 
_ MOPALS Ke 45,422 xX = 49.902920 8 = =k 
AG” & 0495 ek OG sone so 20 BO 2046 e545 » 575 
16 3499 2495 2004 e319 e543 0 SEF 2475 0897 
20 0 ba 4 +640 6635 0429 » 327 0045 e TEL 7OL 
oG 1,040 o 780 2589 26235 2557 » 532 e 752 876 
40 s700 1,068 0778 0763 «8553 2829 «G55 2 ¥O4 
$9 0754 1,017 e712 0874 0730 1,043 e856 1,065 
60 .971 1.046 .858 ,.914 ,868 ,.808 ,624 1,104 
_ TOTALS _X # 39.877 Xe 80.859827) 
14" 3 2905 ebls evuG e495 006 0407 a SLE 20a 
LO 2dGS e 401 eos 2575 2 440 0477 2620 ool 
29 061i 2309 » 445 » 838 » 307 » 606 e091 e7OE 
20 0&7) 246 0457 728 2553 o7ad o 7O4 2873 
40 o FSO G17 2498 eS1L 2655 eS25 « O43 o99lL 
50 s 797 GO? * 832 ® 723 * 736 ® 742 e B32 skid 


wren 


This group comprises slope valves for 
seven torques, eight operators and 
tires handwhesla. 


4 f 
30. 4800 877. 859 — 750.97 BOS 1807 198 





ee en 


OR(X) = 124,009 = T° @T(k") = 105,808856 « = x” 


W,t,6 wo 


* Beonuse of space limitations it was necessary to assign 


numbers t the operators, 


The operatora are nuubered 


at the wp of Table Ga in the same c@quence as they were 
presented in the previous tebles. 
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Table Gb. 
WAEELS 
iv 
z lo" 1a Zo 
a 8 GR 52076 4.917 16.451 
Fs 7 e455 $2515 4.577 17.325 
S 4.765 44551 5 eOS5 LesZe 
4 4.273 4,922 46460 14.855 
5 6.154 4.356 4.235 14.748 
6 & 6 G03 4.735 4.594 15.150 
7 Se? 7S 5150 4,815 15,722 
é 5,998 | _18.369 
ow = 46,422 29.577 53.590 124.859 Ss vi 


beach ¢ell in Table 6b is TF oma for eaoh 
ell ia arriveé at by sumetne seven wouel 
values for @¢soh sorque-ops rater pais at lon 
in Table Ga. 


EXAMPLE: 6,828 2 »471 f 2037 - 337 cs 2409 * ,451 
PP 482 ¢ .443 6, 


WOTE: 


Table 6¢e. 
TORQUES 


49 in, uO in. 30 im, 45 in. 50 ine 66 it, 
iba. Jes. Aba. lbs, 1b, lds. Ty 


BG SD 03 Oo fe Th 
©~G Gh IS ~ 


hed 
14583 
LelBh 
2, Q06 
3.0413 


oe O87 
Le 938 
L.672 
LeSi7 
14730 


Be 725 
“4 7O2 
1.743 
1.586 
£61535 


he Sae 
5 945% 
E29 
Belk? 
oe GES 


ee G49 
2 e309 
£9 hd4 
£522 
i770 
me B98 
me TBO 


5.878 
Oe BLE 
Be SSR 
£.G55 
ere 7S 
2.706 
a 4Gi5 


2,180 2.659 3,023 3.413 3.599 


LG. Gal 
L7 edk5 
LE GER 
14, 485 
144745 
45,136 
152788 


18.869 


02236 Bes 


Ty? £0,398 12.701 15,073 10.745 20.036 22.424 24,037 124.009 

MOTE: Gach gel] in Table 6¢ ie T%,. Value for euch eel is 
arrived et by summing : wheel values Tor each 
tarque-wheel combination Table Ga, 


BRARMLE: 1.41] = eT) - 2455 ¢ 2505 













Table 6d. 
TONGUES 
oS its 16 ine 20 in. 30 in. 46 ing 50 ins 60 in. 
me LBS» i bs * LbS Los. ids * lds. ty 


EK 7" 3.946 4.499 6,386 7,211 6.010 9.245 10.785 40.422 
L 10" 3.515 4.409 5.028 6,639 6.556 7,015 7,213 39.877 
S 14" 3.538 3.873 4.459 5.695 5.993 6,164 6,699 36,590 


10-395 12.781 15,073 16.745 20.056 22.624 24.037 124,389 


fe RA ARTO EN CPN epee, 


bai SE ae 


Ty: 





NOTE: Hach cell in Table 64 is Te... Value for each 
Celi is arrived at by sweming Shh operator values 
for each torque-wheel ecmbinatien in Table Ga, 


BAARY LE: e546 47 i - eon? ¥ eau? - 0400 a e451 
¢ 64822 ¢ .4435 4 2485 


Table Ge. 
a ee 
Item souree Kean 
ef Veriation af, 33 square couree Fy Figg Fig 





A Sheela 3-5 & 1.332245 666124 A/E 22.46 5.74 6.51 
B Torques i-7 6 6.904787 1.150798 B/F 69.46 2,32 3.26 


Gperators ee | 
1-8 7 1, 0261908 0143600 2 S.v6 £,61 5.31 

D wheels x 

Torquas ie 1.002360 ,003530 D/G 4.87 2.% 3,48 
& Wheels x 

Operators Lé » 414935 QE 9655 8/G 1.56 £2.20 3.138 
F Torques =< 
G &£rrer 

BATES I TL A D2 A ae 


KR Total 167 128.981006 4.076156 
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(ii) 


(A) 


(@) 


(3) 


(F) 


" 2. z 


= 105,802585 « 92,8400469 
2 12. 0610806 


Ps ‘ afi 
Sub Total Bigg wea - _ 


954614226 ~ 02.640547 
Be 773G8L 


whealg 33 wy “ a 


= 99.175095 + Oe 40847 
= 1.332243 


43 


tt 


33 


Cperater As =» er “ ts 
= 95.807045 - 92,340647 
4 1.028195 
wheels =x 
Operators 33 a Sub Tetal Swe ~ Wheels Go = Gperaters Oo 
2 2,77S55G]1 ~ 1.552248 -~ 1, 02898 
bn eae 
~ iB 
Sub Total oe oa tie To ~ 
= LOL.4675902 - 92,640047 
= 8.62 6655 
Torque 3S = ot “ i 


- 69,7456034 - 91 ,640647 
= 64304787 


SOG WB 

x Gpevaters su « Jub Total G6,, 7 Torque SG - Operater SS 
+ 6.626655 ~ 6°9o47a7 - 1,086198 
s =" 


Sub Total Sigy = 4a a 


= LOS,080842 ~ 92,840847 
borg 9 eegas 





47 


{(D}) Torque x | 
Wheel GU = wes Tetel py * Torque uS - heel b4 


2 ValSQIVD ~ 6.904707 - 1, 3422885 
* be VORSAG 


(5) @yrer Me Tote: oe - (As BAO AD PRS WF) 


= 18,001006 ~ 11.376198 
5608 


tm de! 





Where t ,. x “tadent's & at the 09% eonfidence level for 
ou 3 « 7 degrees of freedom, 
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Ne 8 s Number of opere tora 
Xo Valwe of slope for cach ops rator. 
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CHART VALUES 
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SLOPE CALCULATION 


YF 


Run Now4eo44 AP operatorsLixuhg 7, Lg ra 


CALCULATED VALUES 


“Xi (SL, 2EXY 2 YS IOS 


EY 2¥of9 EX? 1/0 £74 
EY 2.2 aoe 
NEXY 
EXEY 
(2x)* 
Nex? 
5p EXEN = NEXY 29 7336 


~ x)" Sane 


VoG 792 
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/E ABOVE SCALE FOR VITAL CAPACITY VOLUMES OR METABOLISM V@LUMES WITHOUT CORRECTIONS FOR WATER VAPOR AND TEMPERATURE AS EMBODIED IN THE CHART GRADUATIONS 
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TEMP. (TEST 1) fu ” af 
BAR, ( “ hy PE 2 
DRAW SLOPE LINE FROM LINE A" To EDGE *'B” 
READ. ATA” (TEST 1) .........ccceeee (TEST 2) iu.csncsee * 
a Ge oy 
DIFFERENCE (01). ase ee... 
MEME. CORR me) V)4 ce ( 2) x ncselleveccans 
BAR. (|) oe (Cg) 
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STIONS FOR FUATAAR EX EHIMENTAT Ios 


Although the data of this experiment geve sta- 


tistically valid results, certain variebles did not lena 


themselves to close control, ami each of these variebles 


gontributed in some degree to the total agdumilated error 


in each test value. ome of the more important of these 


error sources are listed below, together with a suggested 


remedy s 
1s 


individual differences in the operators 

took various forms. Variations between 

the activities of operators for the 
twenty-four hours preceding the tests, 
variations in mental attitude (influenced 

by perscnal preblems), variations in size, 
strength, ace and health and, most impor- 
tant, variations in normal rate and depth 

of respiration, all had some effeot upon 

the date. A striking example of the 
varletions in rate md depth of r eapiration 
is demonstrated by comparison cf the data 

for Uakon kefsum and Joseph Nestory. RKefaun's 
average rate of respiration on the dDasal tests 
wes seven inhalation-euhealation oyoles per 


minute, Nestory's reapiration rate on the same 
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tests was twenty cycles per minute. The 
rates wore opproximately constant from day 
to day. A closely controlled experiment in 
which operators of approximately the same 
respiratory rate md whose activities were 
mupervised for the twenty-four hour period 
preceding the tests might, to some extent, 
eliminate this seuree of error. 
It was noted that the instant of transfer of 
the operator from ambient air to pure oxygen 
had an influence upen tha rate at wiich oxyeen 
was expended from the spirometer bell. ‘en 
the two-way Valve was thrown at the beginning 
nhalation, the operator's lungs, on the 





first breath, were filled with pure ozygen, and 
the products cf respiration consisted oF 0», 
GO, and Hi,O, the latter two produwote being 
abserbed in the metadolime, ‘hen the valve 
was thrown at the beginning of exhalation, 

the products of respiration consisted of O», 
tig, OF, an€ E50, wines the Ny, wae not absorbed 
by the metabolime, it remained in the ¢losed 
system formed by the cperater and the spiro- 
neter bell, and subsequently reduced the rate 
at which the contents of the bell were expended , 


having a net effeet of decreasing the observed 
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oxygen Gonsamption rate slope. It is strongly 
recommended that future researchers take this 
phenomenen into assount md avold tuis soures 
of error by timing the transfer to pure oxygen 
so that the transfer cecurs «st the beginning 
of en inhalation. This should elininate tre 
entrance of nltrogen into the system, 

The ¢apacity of the spirexeter bell wee in- 
sufficient for a complete twe-einute run at 

the higher levels of activity. in several 
inmstanees, the bell wes elmest whelly evac- 
uated within one and a half mimutea. This 
enforced the calculation of slope valves 

using the fewer peaks on the wax chart, and 

it is probable that som error was introduted 
beeause of this. 

Irregularities in respiration, such as ex- 
eeosively long or short breaths, cauged high 
or low peaka on the saw tooth crapha end 
introduced inaceurseles in the ocleuletion of 
the true sleres., This was partigularly notice~- 
adle at the higher levels of performance whan 
the operators were required to exert relatively 
large forces to keep pace with the metronome, 
Discussion of this phenemenon with the operators 
tended to reduce the effect to some degres, 
However, it is felt that this will always be a 


gonree of error in experiments of this Seture. 
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teal Time Aeq irements 
Listed below ia an approximate breakdown of the 





time spent in getting the date for this thesis. 


Construation and sasembly of apperatugesrsco- AD hrs. 
Preparation and conduetion of test runs....56 hrs. 
Calewlation Of BLOpesecsescnrsvesecccer eens dhM re, 
StCatistiesl] ANALY SlGsscserserreccsverevevecgny NPB. 
POBBLe eve ee lB hrs, 
It is apparent that excessive time was required 
for the calotlation of the slopes. Lach slepe ealeulation 
invelved determining and rseardinzg tie rectmmguler coorlinates 
for a saw tooth greph and then by the method of least squares 
G€etermining the slopes of the Line of best fit. This pro- 
eedure, whieh took approximately 50 minutes per graph, is go 
tedious as to preelude the use of the equipment to gather 
lerge quantities of begiec motion data. kalberstadt has 
imdiested that the time apent fer conversion ef the raw data 
to slope values may be greatly reduced by the use of an Tim 
systeu containing an IBM Galoulator, IBM Duplicating summary 
-unch end an IBN punched caré sayste ." it is felt that tre 
work of any investigator, possessing sufficient mechantoal 
ability to eonstruet such an IBN aystem, would be a considerable 
contribution te the field of metabolism experisentation,. 
9. HALBUAOTADT, HARRY J., Determinmntion of tae Uptimur Angle 
for a Work Area by Neans of Metabclic Neasurenents, | lus 


instrumentation, Waster of Jcience Thesis, Purdue Uni-~ 
versity, Lafayette, Indiana, 1950. 
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